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NITRIDE COMPOUND SEMICONDUCTOR 
LIGHT EMITTING ELEMENT AND ITS 

MANUFACTURING METHOD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a nitride compound semiconduc 
tor light emitting element and its manufacturing method. 
More speci?cally, the invention relates to a nitride com 
pound semiconductor light emitting element made by stack 
ing GaN, InGaN, GaAlN and/or other nitride compound 
semiconductor layers on a substrate and having an electrode 
With a high adhesive force and a loW contact resistance, a 
manufacturing method thereof, and a light emitting device 
including same. 

2. Description of the Related Art 
Nitride compound semiconductors expressed by 

AlxGayIn1_x_yN (Oéxé 1, 0§y§ 1, x+y§ 1) have been 
remarked for years as materials of light emitting diodes 
(LED) for ultraviolet light to blue or green light. Compound 
semiconductors of these materials have enabled intensive 
emission of ultraviolet light, blue light, green light, and so 
on, Which Was dif?cult before. These nitride compound 
semiconductors are usually groWn on sapphire substrates 
Which are insulating substrates. Therefore, unlike GaAs light 
emitting elements, electrodes cannot be made on bottom 
surfaces of substrates, and both anode and cathode electrode 
must be made on semiconductor layers stacked by crystal 
line groWth. 

Especially in case of semiconductor elements using 
nitride compound semiconductors in Which sapphire sub 
strates are translucent to emission Wavelengths, they are 
usually mounted to orient the electrodes doWnWard so as to 
take out light from the sides of the sapphire substrates. 

FIG. 7 is a diagram schematically shoWing construction 
of an existing nitride compound semiconductor light emit 
ting element. In the element, a GaN buffer layer 2, n-type 
GaN layer 3 and p-type GaN layer 4 are stacked on a 
sapphire substrate 1 by crystalline groWth, and the p-type 
GaN layer 4 is partly removed by etching to expose the 
n-type GaN layer 3. The p-side electrode 15 is made on the 
p-type GaN layer 4, and the n-side electrode 14 is made on 
the n-type GaN layer 3. The light emitting element is 
mounted on a lead frame 17 by orienting the surface With the 
electrodes doWnWard and using a conductive adhesive 16 
such as silver paste. 

In the existing semiconductor light emitting element 
shoWn in FIG. 7, light generated by injecting an electric 
current from the p-type GaN layer 4 to the n-type GaN layer 
2 is re?ected by the p-side electrode 15 and taken out 
through the sapphire substrate 1. HoWever, the conductive 
adhesive 16 is apt to spread into a gap betWeen the lead 
frames 17 (shoWn at A in FIG. 7) and a gap at the p-n 
junction (shoWn at B in FIG. 7), and liable to short-circuit 
the electrodes and the junction. It is therefore a problem of 
the existing semiconductor light emitting element that the 
production yield of the mounting process of the elements 
decreases seriously and the element is liable to deteriorate in 
the long-term Which may cause a reliability problem. 
The existing semiconductor light emitting element 

involves another problem that the need for a high accuracy 
in positional relation betWeen the lead frames and the 
element inevitably decreases the productivity. This problem 
can be removed by increasing the element siZe to enlarge the 
distance betWeen the lead frames 17, but it results in 
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2 
decreasing the number of chips obtained from a Wafer and 
increasing the cost so much. 

On the other hand, in order to decrease the forWard 
voltage of a light emitting element, its electrodes must be in 
ohmic contact With the gallium nitride semiconductor layer. 
In existing light emitting elements, electrodes containing 
aluminum Were used as n-side electrodes, and elec 
trodes containing nickel (Ni) and gold (Au) Were used as 
p-side electrodes. These electrodes, hoWever, Were not reli 
able in ohmic contact, andAl and Ni spread into GaN layers 
and degraded the reliability. 

SUMMARY OF THE INVENTION 

It is therefore an object of the invention to provide a 
nitride compound semiconductor light emitting element and 
its manufacturing method capable of improving the adhesive 
quality of electrodes to a semiconductor layer, ohmic 
characteristics, and external quantum efficiency by combi 
nation of a thin-?lm metal and a transparent electrode. 

According to the invention, there is provided a nitride 
compound semiconductor light emitting element compris 
ing: 

an n-type semiconductor layer made of a nitride com 
pound semiconductor; and 

a ?rst metal layer formed on said semiconductor layer and 
containing as a major component thereof at least an 
element selected from the group consisting of palla 
dium (Pd), scandium (Sc), vanadium (V), Zirconium 
(Zr), hafnium (Hf), tantalum (Ta), rhodium (Rh), iri 
dium (Ir), cobalt (Co) and copper (Cu). 

According to the invention, by adding at least an element 
selected from the group consisting of titanium (Ti), nickel 
(Ni), molybdenum (Mo), tungsten and hafnium to 
the ?rst metal layer, the contact resistance may be decreased 
and the adhesiveness of the electrode may be improved.. 
According to the invention, by forming a second metal 

layer betWeen said semiconductor layer and said ?rst metal 
layer, said second metal layer being made of at least an 
element selected from the group consisting of titanium (Ti), 
nickel (Ni), molybdenum (Mo), tungsten and hafnium 
(Hf), the contact resistance may be decreased and the 
adhesiveness of the electrode may be improved. 
According to the invention, there is also provided a nitride 

compound semiconductor light emitting element compris 
ing: 

an p-type semiconductor layer made of a nitride com 
pound semiconductor; and 

a ?rst metal layer formed on said semiconductor layer and 
containing as a major component thereof at least an 
element selected from the group consisting of titanium 
(Ti), molybdenum (Mo), tungsten (W), magnesium 
(Mg) and gold (Au); 

a second metal layer stacked on said ?rst metal layer and 
made of at least an element selected from the group 
consisting of titanium (Ti), nickel (Ni), molybdenum 
(Mo), tungsten (W), magnesium (Mg) and gold (Au); 
and 

a third metal layer stacked on said second metal layer and 
containing as a major element thereof at least an 
element selected from the group consisting of palla 
dium (Pd), scandium (Sc), vanadium (V), Zirconium 
(Zr), hafnium (Hf), tantalum (Ta), rhodium (Rh), iri 
dium (Ir), cobalt (Co), copper (Cu), tungsten and 
platinum (Pt). 

That is, the nitride compound semiconductor light emit 
ting element according to the invention is characteriZed in 
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making a thin-?lm palladium (Pd) electrode containing 
titanium (Ti), nickel (Ni), and so forth, in contact With a 
nitride compound semiconductor layer. 

For a p-type nitride compound semiconductor layer, a 
thin-?lm metal of titanium (Ti) or tungsten With a 
thickness of 5 nm or less is applied in contact With the p-type 
nitride compound semiconductor layer to improve the adhe 
sive force betWeen the electrode and the semiconductor 
layer. Further, by making a thin-?lm metal layer, such as 
magnesium (Mg) layer as thin as 5 nm or less, or thin-?lm 
palladium (Pd) or platinum (Pt) layer as thin as 10 nm or 
less, to ensure good ohmic contact and by making a trans 
parent electrode of ITO, for example, the sheet resistance of 
the thin-?lm electrode is reduced and uniform current injec 
tion along the emission surface is realiZed. Additionally, the 
invention is characteriZed in using a bonding electrode 
connected to a part of them. 

The invention improves the adhesive force of the 
electrodes, their ohmic characteristics, and external quantum 
ef?ciency by combination of the thin-?lm metal and the 
transparent electrode. Since the invention does not rely on a 
structure Where the light emitting element is mounted to 
orient its surface With the electrodes doWn Ward so as to take 
out light from the side of the sapphire substrate, it removes 
various problems involved in the existing techniques, 
namely, short-circuit betWeen electrodes or at the junction of 
different conduction type layers, serious decrease in mount 
ing yield, deterioration in long-term reliability, and so on. 
Further, the invention permit the use of a cup-shaped lead 
frame to take out light ef?ciently. 

According to the invention, the ohmic characteristics of 
both the p-side electrode and the n-side electrode in the 
nitride compound semiconductor light emitting element can 
be improved by making thin-?lm palladium (Pd) electrodes 
containing titanium (Ti), tungsten and/or others in 
contact With a semiconductor expressed by AlxGayIn1_x_yN 
(02x21, 0§y§1, x+y§1). 

For a p-type nitride compound semiconductor layer, the 
adhesive force betWeen the electrodes and the semiconduc 
tor layer can be improved by providing a thin-?lm metal 
layer of titanium, tungsten, or the like, as thin as 5 nm or 
less. 

Further, When a thin-?lm metal layer like a magnesium 
(Mg) layer as thin as 5 nm or less, thin-?lm palladium (Pd) 
or platinum (Pt) layer as thin as 10 nm or less, or the like, 
is stacked, good ohmic contact is ensured. 

Additionally, by stacking a transparent electrode of ITO, 
for example, the sheet resistance of the thin-?lm electrode 
can be reduced, and uniform current injection along the 
emission surface is ensured. 

For an n-type nitride compound semiconductor layer, a 
layer of titanium (Ti), nickel (Ni), or the like, as thin as 5 nm 
or less provided in contact With the layer improves the 
adhesive force, a metal layer of palladium (Pd), for example, 
ensures good ohmic characteristics, and a gold (Au) layer 
stacked thereon reduces the resistance of the electrodes and 
facilitates Wire bonding. 

The nitride compound semiconductor light emitting ele 
ment may be annealed at a temperature not higher than 500° 
C. to improve the adhesive force of the electrodes and 
reduce the contact resistance While preventing excessive 
reaction betWeen the electrode metal and the semiconductor 
layer. 

The nitride compound semiconductor light emitting ele 
ment can be mounted on a standard cup-shaped lead frame 
to take out light efficiently. 
As summariZed above, the invention improves the adhe 

sive force of the electrodes to the semiconductor layer, 
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4 
ohmic characteristics of the electrodes and the external 
quantum ef?ciency by combination of the thin-?lm metal 
and the transparent electrode, and it is signi?cantly advan 
tageous for the industry. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention Will be understood more fully from 
the detailed description given herebeloW and from the 
accompanying draWings of the preferred embodiments of 
the invention. HoWever, the draWings are not intended to 
imply limitation of the invention to a speci?c embodiment, 
but are for explanation and understanding only. 

In the draWings: 
FIG. 1A is a schematic cross-sectional vieW shoWing 

construction of a nitride compound semiconductor light 
emitting element according to the ?rst embodiment of the 
invention; 

FIG. 1B shoWs a How chart of the steps for forming the 
p-side electrode of the light emitting element of the inven 
tion; 

FIG. 2 is a graph shoWing current-voltage characteristics 
of the site of an n-side electrode in the light emitting element 
according to the invention; 

FIG. 3 is a graph shoWing current-voltage characteristics 
of the site of a p-side electrode in the light emitting element 
according to the invention; 

FIG. 4 is a schematic cross-sectional vieW shoWing con 
struction of a nitride compound semiconductor light emit 
ting element according to the second embodiment of the 
invention; 

FIG. 5A is a schematic cross-sectional vieW shoWing 
construction of a nitride compound semiconductor light 
emitting element according to the second embodiment of the 
invention; 

FIG. 5B shoWs a How chart of the steps for forming the 
n-side electrode of the light emitting element of the inven 
tion; 

FIG. 6 is a diagram schematically shoWing a semicon 
ductor emitting element according to the invention mounted 
on lead frames; and 

FIG. 7 is a schematic diagram shoWing construction of an 
existing nitride compound semiconductor light emitting 
element. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Explained beloW are embodiments of the invention With 
reference to the draWings. 

FIG. 1A is a schematic cross-sectional vieW shoWing 
construction of a nitride compound semiconductor light 
emitting element according to the ?rst embodiment of the 
invention. The light emitting element according to the 
invention has a multi-layered structure including nitride 
semiconductor layers 2 through 4 stacked on a sapphire 
substrate 1. BetWeen the n-type layer 3 and the p-type layer, 
a structure S including a light emitting layer is placed. The 
structure S may be any kind of the essential part of a light 
emitting element. For example, the structure S may include 
a double heterostructure for a LED or laser diode. A single 
quantum Well structure or a multiple quantum Well structure 
may also be included in the structure S. Further stacked on 
the p-side thereof are a p-side electrode, made up of three 
metal layers 7 to 9, and a transparent electrode 10, Which are 
connected to an electrode pad 12. Provided in the n-side 
thereof is an n-side electrode made up of metal layers 5 and 
6. 
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Appropriate one of the following materials is used to 
make the three metal layers 7 to 9 forming the p-side 
electrode, respectively. 

The ?rst metal layer 7 has the role of maintaining the 
adhesive strength betWeen the electrode and the contact 
layer 4 and ensuring their ohmic contact. Used as its material 
is one of titanium (Ti), molybdenum (Mo), tungsten (W), 
magnesium (Mg) and gold (Au). Its thickness is preferably 
not larger than 5 nm because, With thicker layers, there Was 
a tendency toWard an increase in contact resistance and a 
decrease in light output caused by the increase in the optical 
absorption at the electrode. 

The second metal layer 8 also has the role of maintaining 
the adhesive strength betWeen the electrode and the contact 
layer 4 and ensuring their ohmic contact. Used as its material 
is one of titanium (Ti), nickel (Ni), molybdenum (Mo), 
tungsten (W), magnesium (Mg) and gold (Au). Its thickness 
is preferably not larger than 5 nm because, With thicker 
layers, there Was a tendency toWard an increase in contact 
resistance and a decrease in light output caused by the 
increase in the optical absorption at the electrode. 

The third metal layer 9 has the role of improving the 
ohmic contact of the electrode With the contact layer 4. Used 
as its material is one of palladium (Pd), scandium (Sc), 
vanadium (V), Zirconium (Zr), hafnium (Hf, tantalum (Ta), 
rhodium (Rh), iridium (Ir), cobalt (Co), copper (Cu), tung 
sten and platinum (Pt). Its thickness is preferably not 
thicker than 10 nm because, With thicker layers, there Was a 
tendency toWard a decrease in light output caused by the 
increase in the optical absorption at the electrode. 

Furthermore, by stacking the transparent electrode layer 
10 on these thin-?lm metal layers, the sheet resistance of the 
electrode can be reduced signi?cantly. 

Here is shoWn an example using titanium (Ti) as the ?rst 
metal layer 7 of the p-side electrode and magnesium (Mg) as 
the second metal layer. 
On the other hand, the ?rst metal layer 5 of the n-side 

electrode has the role of ensuring ohmic contact. Used as its 
material is one of palladium (Pd), scandium (Sc), vanadium 
(V), Zirconium (Zr), hafnium (Hf), tantalum (Ta), rhodium 
(Rh), iridium (Ir), cobalt (Co) and copper (Cu). 

The ?rst metal layer 5 may additionally contains at least 
an element selected from the group consisting of titanium 
(Ti), nickel (Ni), molybdenum (Mo), tungsten and 
hafnium These additional element may improve the 
adhesiveness of the electrode to the n-type layer 3. 

Here is explained an example using palladium (Pd) as the 
material of the ?rst metal layer 5. 

Gold (Au) is used as the material of the second metal layer 
6 of the n-side electrode. 

Brie?y explained beloW is a manufacturing process of the 
semiconductor light emitting element according to the 
embodiment. FIG. 1B shoWs a How chart of the steps for 
forming the p-side electrode of the light emitting element of 
the invention. 

First stacked on the sapphire substrate 1 are the GaN 
buffer layer 2, n-type GaN layer 3, the structure S and p-type 
GaN layer 4 sequentially by crystalline groWth. The p-type 
GaN layer 4 is next patterned by PEP (photo-engraving 
process) and selectively removed by RIE (reactive ion 
etching), for example, to partly expose the n-type GaN layer 
3. 

After another patterning by PEP, the palladium (Pd) ?lm 
5 and the gold (Au) ?lm 6, for example, are stacked as the 
n-side electrode on the n-type GaN layer 3 by vapor 
deposition, and then patterned by lift-off. 
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6 
After another patterning by PEP, vacuum evaporation is 

conducted to sequentially stack on the p-type GaN layer 4 
the titanium (Ti) layer 7 With the thickness of 1 nm, 
magnesium (Mg) layer 8 With the thickness of 1 nm and Pd 
electrode 9 With the thickness of 10 nm, and after making an 
indium tin oxide (ITO) ?lm 10 by RF sputtering, they are 
patterned by a lift-off process. 

After that, for the purpose of improving the adhesiveness 
betWeen the p-side thin-?lm electrode and the semiconduc 
tor layer and their ohmic characteristics and for improving 
the ohmic characteristics of the n-side electrode, a annealing 
is conducted. 

The annealing may alloy the electrode metals, but exces 
sive reaction betWeen the semiconductor layer and the 
electrode metals is not desirable. Therefore, the annealing 
temperature is preferably not higher than 500° C. 

Preferably a ?ush-annealing is conducted under 450° C. 
for 20 seconds, approximately. By the ?ush-annealing, the 
metal layers 7—9 may be alloyed as shoWn in FIG. 1A in a 
fragmentary alternative vieW. If, hoWever, the surface of the 
semiconductor layer is sufficiently clean Without any oxide 
layer, or the like, the ?ush-annealing may be omitted. 
Then after making a SiO2 ?lm 11 by thermal CVD, 

patterning by PEP is conducted to make a pattern in a 
location for a p-side bonding pad 12. After another pattern 
ing by PEP, folloWed by lift-off to make the bonding pad 12 
of a metal ?lm of Ti/Au, for example, to lie on the p-side 
transparent electrode (ITO) 10 and the SiO2 ?lm 11, the light 
emitting element is completed. 

FIG. 2 is a graph shoWing current-voltage characteristics 
of the n-side electrode portion of the light emitting element 
thus obtained. FIG. 2 comparatively shoWs values With the 
palladium/gold multilayered electrode according to the 
invention (solid line) and values With a titanium/gold multi 
layered electrode according to an existing technique (broken 
line). It has been con?rmed from FIG. 2 that the element 
according to the invention, using palladium as the n-side 
electrode, exhibits good ohmic characteristics and decreases 
in contact resistance to approximately 1A that of the existing 
electrode. 

FIG. 3 is a graph shoWing current-voltage characteristics 
of the p-side electrode portion of the light emitting element 
according to the invention. FIG. 3 comparatively shoWs 
values With the magnesium/palladium/ITO multi-layered 
electrode according to the invention (solid line) and values 
With a nickel/gold multi-layered electrode according to an 
existing technique (broken line). It has been con?rmed from 
FIG. 3 that the element according to the invention exhibits 
good ohmic characteristics and decreases in contact resis 
tance to approximately a half that of the existing element. 

Even after gold Wires Were bonded to the n-side electrode 
and the p-side electrode, respectively, the electrodes Were 
con?rmed to be in place With a suf?ciently high adhesive 
strength, Without peeling off. 
The light emitting element according to the invention 

actually exhibited good characteristics, namely, forWard 
voltage 3.4 V and optical output 91 MW in response to the 
current of 20 mA. Moreover, variance of I-V characteristics 
and optical output Within the Wafer plane Was very small, 
and a high production yield of elements Was con?rmed. 
Next explained the second embodiment of the invention. 
FIG. 4 is a schematic cross-sectional vieW shoWing con 

struction of a nitride compound semiconductor light emit 
ting element taken as the second embodiment of the inven 
tion. Here again, the light emitting element has a multi 
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layered structure including nitride semiconductor layer 2 
through 4 and the structure S stacked on the sapphire 
substrate 1. Further stacked in the p-side of the element are 
the p-side electrode and the transparent electrode 10 con 
nected to the electrode pad 12. Formed in the n-side of the 
element is the n-side electrode made up of the metal layers 
5 and 6. The same portions as those of the ?rst embodiment 
are labeled With common reference numerals, and their 
detailed explanation is omitted. 

In the embodiment shoWn here, the ?rst metal layer 7 and 
the second metal layer 8 are stacked for making the p-side 
electrode as they are in the ?rst embodiment, but much 
thinner so that they may form the islands. Here is shoWn an 
example using titanium (Ti) as the ?rst metal layer and 
magnesium (Mg) as the second metal layer. 

That is, in the second embodiment, a 2 nm thick titanium 
(Ti) layer 7‘, 2 nm thick magnesium (Mg) layer 8‘ and 50 nm 
thick palladium (Pd) layer 9‘ are stacked to form the p-side 
electrode. These thicknesses are the average values. In this 
case Where titanium and magnesium are stacked very thin, 
the ?lms may fails to become continuous thin ?lms, and 
often become island-shaped on the contact layer 4 as shoWn 
in FIG. 4 in a fragmentary enlarged vieW. That is, the ?rst 
metal layer 7‘ and the second metal layer 9‘ are island 
shaped, respectively. The inventor has found that the aver 
age thickness should be smaller than 10 nm to realiZe such 
an island-shaped distribution of the metal layers. 

Annealing may be conducted after stacking these metal 
layers, but annealing need not be done if a sufficiently clean 
condition is ensured betWeen the semiconductor layer and 
the electrode metals. Annealing may alloy the electrode 
metals, but excessive reaction betWeen the semiconductor 
layer and the electrode metals is not desirable. Therefore, the 
annealing temperature is preferably not higher than 500° C. 

Also When the ?rst metal layer and the second metal layer 
are stacked very thin to make the p-side electrode, the 
adhesive strength is acceptable, and good ohmic character 
istics and a loW contact resistance are realiZed. Probably, this 
is a result of successfully maintaining the function of the ?rst 
and second metal layers to improve the adhesive strength 
and the function of the third metal layer to ensure ohmic 
characteristics. 

Next explained is the third embodiment of the invention. 
FIG. 5A is a schematic cross-sectional vieW shoWing 

construction of a nitride compound semiconductor light 
emitting element taken as the third embodiment of the 
invention. Here again, the light emitting element has a 
multi-layered structure including nitride semiconductor 
layer 2 through 4 and the structure S stacked on the sapphire 
substrate 1. The same portions as those of the ?rst embodi 
ment are labeled With common reference numerals, and their 
detailed explanation is omitted. 

In the embodiment shoWn here, stacked in the p-side of 
the element are a ?rst metal layer 8, second metal layer 9 and 
transparent electrode 10. Used as the material of the ?rst 
metal layer 8 is one of titanium (Ti), molybdenum (Mo), 
tungsten (W), magnesium (Mg) and gold (Au). 

Used as the material of the second metal layer 9 is one of 
palladium (Pd), scandium (Sc), vanadium (V), Zirconium 
(Zr), hafnium (Hf), tantalum (Ta), rhodium (Rh), iridium 
(Ir), cobalt (Co), copper (Cu), platinum (Pt) and tungsten 
(W) 

Here is shoWn an example using magnesium (Mg) as the 
?rst metal layer 8 of the p-side electrode, palladium (Pd) as 
the second metal layer 9 and ITO as the transparent electrode 
10. 
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8 
FIG. 5B shoWs a How chart of the steps for forming the 

n-side electrode of the light emitting element of the inven 
tion. 

Formed in the n-side of the element is a three-layered 
electrode made up of a ?rst metal layer 13, second metal 
layer 5 and third metal layer 6. 
The ?rst metal layer 13 of the n-side electrode has the role 

of ensuring an adhesive strength of the electrode With the 
contact layer 3. Used as its material is one of titanium (Ti), 
nickel (Ni), molybdenum (Mo), tungsten and hafnium 

Its thickness is preferably not larger than 5 nm because, 
With larger thicknesses, there Was a tendency toWard an 
increase in contact resistance and a decrease in adhesive 
strength of the electrode. 
The second metal layer 5 of the n-side electrode has the 

role of ensuring ohmic contact. Used as its material is one 
of palladium (Pd), scandium (Sc), vanadium (V), Zirconium 
(Zr), hafnium (Hf), tantalum (Ta), rhodium (Rh), iridium 
(Ir), cobalt (Co) and copper (Cu). 
Used as the third metal layer 6 of the n-side electrode is 

gold (Au). 
Annealing may alloy the electrode metals, but excessive 

reaction betWeen the semiconductor layer and the electrode 
metals is not desirable. Therefore, the annealing temperature 
is preferably not higher than 500° C. By the annealing, the 
metal layers 5, 13 may be alloyed as shoWn in FIG. 5A in a 
fragmentary alternative vieW. 

Here is taken an example using titanium (Ti) as the ?rst 
metal layer 13 of the n-side electrode and palladium (Pd) as 
the second metal layer 5. 
Even in the case Where the magnesium layer 8 and the 

palladium layer 9 are stacked on the contact layer 4 in the 
p-side Whilst the titanium layer 13 and the palladium layer 
5 are stacked on the contact layer 4 in the n-side, good ohmic 
characteristics and a loW contact resistance are realiZed in 
both the p-side and the n-side. 

The invention has been explained above by Way of 
embodiments referring to speci?c examples. The invention, 
hoWever, is not limited to these speci?c examples. For 
instance, these speci?c examples have been explained as 
using magnesium (Mg), titanium (Ti), palladium (Pd) or 
gold (Au) as the electrode material, ITO as the transparent 
electrode, and GaN as the semiconductor layer, but other 
appropriate materials are also usable. According to the 
invention, by using those metals or their alloys as the ?rst 
metal layer and the second metal layer in the p-side and the 
n-side, respectively, substantially the same effects can be 
obtained. 

These electrodes need not be tWo-layered or three-layered 
like those in the above-explained embodiments, but may be 
of any multi-layered structure made up of four or more 
layers using appropriate ones of the above-mentioned met 
als. 

Usable as the transparent electrode are, in addition to ITO 
indicated above, tin oxide and any appropriate one stacking 
a metal such as gold (Au) very thin. 

Construction of the light emitting element may alternately 
be any using nitride compound semiconductors in locations 
for contact With the electrodes, and it is equally applicable 
to light emitting diodes and semiconductor lasers With 
various structures. 

For example, if the layers of nitride compound semicon 
ductor are formed on the top surface of an electrically 
conductive substrate, one electrode may be formed on the 
top of the nitride compound semiconductor layer and the 
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another electrode may be formed on the bottom surface of 
the conductive substrate. The invention may be applicable to 
such a case and Works as Well. As the conductive substrate, 
GaN, SiC, GaAs and Si may be employed. 

According to the invention, the element can be mounted 
on a standard cup-shaped lead frame, and light can be taken 
out ef?ciently. 

FIG. 6 is a schematic diagram shoWing a semiconductor 
light emitting element according to the invention mounted 
on a lead frame. The semiconductor light emitting element 
according to the invention is mounted on a cup-shaped lead 
frame 30 and connected by Wires 32, 32. Here is shoWn the 
semiconductor light emitting element, omitting illustration 
of the detailed aspect of the electrodes. 

As shoWn in FIG. 6, the invention makes it easy to realiZe 
a light emitting device ensuring a high emission luminance, 
economically by using Widely available cup-shaped lead 
frames. 

While the present invention has been disclosed in terms of 
the preferred embodiment in order to facilitate better under 
standing thereof, it should be appreciated that the invention 
can be embodied in various Ways Without departing from the 
principle of the invention. Therefore, the invention should 
be understood to include all possible embodiments and 
modi?cation to the shoWn embodiments Which can be 
embodied Without departing from the principle of the inven 
tion as set forth in the appended claims. 

The entire disclosure of Japanese Patent Application No. 
10-77477 ?led on Mar. 25, 1998 including speci?cation, 
claims, draWings and summary is incorporated herein by 
reference in its entirety. 
What is claimed is: 
1. A nitride compound semiconductor light emitting ele 

ment comprising: 
an n-type semiconductor layer made of a nitride com 
pound semiconductor; and 

a ?rst metal layer formed on said semiconductor layer and 
containing as a major component thereof at least an 
element selected from the group consisting of palla 
dium (Pd), scandium (Sc), vanadium (V), Zirconium 
(Zr), hafnium (Hf), tantalum (Ta), rhodium (Rh), iri 
dium (Ir), cobalt (Co) and copper (Cu). 

2. The nitride compound semiconductor light emitting 
element as recited in claim 1, Wherein said ?rst metal layer 
additionally contains at least an element selected from the 
group consisting of titanium (Ti), nickel (Ni), molybdenum 
(Mo), tungsten and hafnium 

3. The nitride compound semiconductor light emitting 
element as recited in claim 1, further comprising a second 
metal layer formed betWeen said semiconductor layer and 
said ?rst metal layer, said second metal layer being made of 
at least an element selected from the group consisting of 

titanium (Ti), nickel (Ni), molybdenum (Mo), tungsten and hafnium 
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4. The nitride compound semiconductor light emitting 

element as recited in claim 3, Wherein said second metal 
layer is not thicker than 5 nm. 

5. The nitride compound semiconductor light emitting 
element as recited in claim 3, Wherein said ?rst metal layer 
and said second metal layer are alloyed each other. 

6. A nitride compound semiconductor light emitting ele 
ment comprising: 

an p-type semiconductor layer made of a nitride com 

pound semiconductor; 
a ?rst metal layer formed on said semiconductor layer and 

containing as a major component thereof at least an 
element selected from the group consisting of titanium 
(Ti), molybdenum (Mo), tungsten (W), magnesium 
(Mg) and gold (Au); 

a second metal layer stacked on said ?rst metal layer and 
made of at least an element selected from the group 
consisting of titanium (Ti), nickel (Ni), molybdenum 
(Mo), tungsten (W), magnesium (Mg) and gold (Au); 
and 

a third metal layer stacked on said second metal layer and 
containing as a major element thereof at least an 
element selected from the group consisting of palla 
dium (Pd), scandium (Sc), vanadium (V), Zirconium 
(Zr), hafnium (Hf), tantalum (Ta), rhodium (Rh), iri 
dium (Ir), cobalt (Co), copper (Cu), tungsten and 
platinum (Pt). 

7. The nitride compound semiconductor light emitting 
element as recited in claim 6, further comprising a trans 
parent electrode formed on said third metal layer. 

8. The nitride compound semiconductor light emitting 
element as recited in claim 7, Wherein said ?rst metal layer 
is not thicker than 5 nm, said second metal layer is not 
thicker than 5 nm and said third metal layer is not thicker 
than 10 nm. 

9. The nitride compound semiconductor light emitting 
element as recited in claim 8, Wherein said ?rst metal layer, 
said second metal layer and said third metal layer are alloyed 
each other. 

10. The nitride compound semiconductor light emitting 
element as recited in claim 9, Wherein said transparent 
electrode is made of an indium tin oxide. 

11. The nitride compound semiconductor light emitting 
element as recited in claim 7, Wherein said ?rst metal layer 
is island-shaped on said semiconductor layer and said sec 
ond metal layer is island-shaped on said semiconductor layer 
or on said ?rst metal layer. 

12. The nitride compound semiconductor light emitting 
element as recited in claim 11, Wherein said ?rst metal layer 
is not thicker than 1 nm and said second metal layer is not 
thicker than 1 nm. 


